Abstract
Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease that causes inflammation and destruction of synovial joints in association with extra-articular manifestations. RA synovial fibroblasts (RASFs) are key players in the pathogenesis of RA. RASFs display an invasive and pro-inflammatory phenotype with invasion into cartilage and aberrant release of pro-inflammatory mediators
. RASFs also stimulate the generation of new blood vessels by releasing pro-angiogenic mediators [3, 4] . The enhanced vascularization of the hyperplastic synovium is considered a crucial step in disease progression, since it supports the influx of more immune cells via these newly formed blood vessels [5] .
Microparticles (MPs) have recently been implicated in the pathogenesis of RA. Leukocyte-derived MPs, which are released from their parental cells upon cellular activation and during apoptosis, accumulate in the synovial fluid of inflamed joints [6, 7] . Indeed, high numbers of leukocyte-derived MPs are found in the synovial fluid of swollen joints from RA patients, whereas MPs counts are low in osteoarthritis (OA) joints with less acute inflammation [8] [9] [10] [11] [12] [6] . MPs [14] .
. MPs are small membrane-vesicles that act as signalling elements in coagulation, inflammation and angiogenesis. Once released by cell blebbing and shedding, MPs can transfer lipids, proteins and nucleic acids, as well as activate intracellular pathways in target cells. Content and function of MPs depend on both the paternal cell and on the stimulus for MP release. During MP formation, selective rearrangement processes result in MP subpopulations specific for membrane and intra-vesicular content. Thus, MPs can operate selectively in intercellular communication and orchestrate biological processes
Early studies found that synovial fluids from patients with RA stimulate the formation of blood vessels, suggesting the presence of pro-angiogenic mediators in the joints [15] [16] [17] 
Material and methods
Cell culture
RASFs were isolated from synovial tissue specimens from nine patients with RA [18] . All RA patients fulfilled the American College of Rheumatology 1987 revised criteria for the classification of RA. The clinical characteristics of these patients are summarized in Table 1 .
Murine SFs were derived from 8-week-old female C57Bl/6 mice. Paws and joints were minced and digested in 0.5% dispase [19] .
Immortalized human microvascular endothelial cells (HMECs) were cultured as described elsewhere [20] . 
Isolation of MPs and incubation of fibroblasts and HMECs
Quantification of MPs
To determine the numbers of MPs, freshly isolated preparations were incubated with FITC-labelled antibodies against human CD3 or CD14 and double-stained with PE-labelled annexin V (all Becton Dickinson,
Heidelberg, Germany) as described [14] . 
Quantitative real-time PCR
Transwell migration assays
Quantification of apoptotic and necrotic cells
To analyse potential effects on the viability of ECs, HMECs were incubated for 24 hrs with different concentrations of supernatants from RASFs cocultured with MPs. HMECs were stained with FITC labelled annexin V and propicium iodide and cell viability was assessed with FACS as described [23] . [23] . HMECs incubated with 50% dimethylsulfoxide served as positive controls.
Microtitre tetrazolium (MTT) assay
Metabolic activity of HMECs incubated with the SF and MPs co-culture supernatants was measured using the MTT [3, (4, 5-dimethylthiazol-2-yl) 2, 5-diphenyl-tetrazolium bromide] method as described
In vivo Matrigel-plug assay
The effects of supernatants from SF incubated with MPs on angiogenesis were analysed in vivo using a modified matrigel-plug assay [24] . Matrigel chambers were constructed using 3- 
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Results
MPs induce the release of pro-angiogenic chemokines in synovial fibroblasts
Co-incubation with MPs from TNF␣ stimulated U937 cells potently induced the expression of members of the ELRϩ subfamily of CXC chemokines in RASFs. The mRNA levels of CXCL1 (GRO␣), CXCL2 (GRO␤) and CXCL3 (GRO␥) increased in a dose-dependent manner by up to 180 Ϯ 32 fold, 31 Ϯ 7 fold and 250 Ϯ 42 fold in RASF compared to controls (P Ͻ 0.05 for all) (Fig. 1A). A significant induction of up to 150 Ϯ 16 fold was also observed for CXCL5 (ENA-78) (Fig. 1A). CXCL6 (GCP-2) was also up-regulated by 551 Ϯ 95 fold in RASF co-incubated with MPs (P ϭ 0.02) (Fig. 1A). In addition to MPs derived from U937 monocytic cells, MPs from apoptotic Jurkat T cells also potently stimulated the expression of ELRϩ chemokines, indicating a general effect of leukocyte-derived MPs. To confirm the relevance of these findings with MPs from U937-and Jurkat cell lines, MPs were isolated from the synovial fluid of inflamed RA joints. MPs isolated from synovial fluid potently increased the mRNA levels of CXCL-1, CXCL-2, CXCL-3, CXCL-5 and CXCL-6 (Fig. 1B). Indeed, the increased were comparable to those obtained with MPs from U937 and Jurkat T cell lines, indicating that MPs from these cells are a good model to study the effects of leucocyte-derived MPs on RASF.
Supernatants from RASFs co-incubated with MPs are chemotactic for endothelial cells
To investigate, whether the induction of ELRϩ chemokines in RASFs by MPs is sufficient to induce EC migration, transwell chamber assays were performed. Supernatants from RASFs coincubated with MPs induced the migration of ECs. The number of HMECs that migrated into the lower chambers of the transwell towards the supernatants from co-culture experiments with MPs system increased by 7.2 Ϯ 2.3 fold compared to control supernatants from RASFs cultured without MPs (P ϭ 0.01) (Fig. 2). To confirm, the increased migration is indeed due to the induction of ELRϩ chemokines, the supernatants from the co-cultured experiments were pre-incubated with neutralizing antibodies against different ELRϩ chemokines in a subset of experiments. Neutralizing antibodies against the GRO subfamily (CXCL1, CXCL2 and CXCL 3) reduced the stimulatory effects of supernatants from
RASFs co-cultured with MPs by 35 Ϯ 23% (P ϭ 0.04) (Fig. 2) . Neutralization of CXCL5 and CXCL6 also significantly decreased the stimulatory effects by 57 Ϯ 35% for CXCL5 and 57 Ϯ 35% for CXCL6 (P ϭ 0.04 for both) (Fig. 2) . (Fig. 3A) . Fig. 3B and C (Fig. 4) . Further sub-analyses demonstrated that the numbers of arterioles and capillaries were both higher, but that the increase in arterioles was more pronounced than in capillaries (2.1 Ϯ 0.7 fold versus 1.5 Ϯ 0.5 fold). [8, 13, 14] . Moreover, MPs stimulate the expression of matrix degrading enzymes by SF [14] . Besides inflammation and joint destruction, increased angiogenesis with increased formation of new vessels in inflamed joints is a key feature of the pathogenesis of RA [25] . Here [9] . In contrast, MP counts are low in patients with degenerative joint diseases such as OA [6, 9, 26] 
Fig. 1 MPs derived from leucocytes potently induce the expression of pro-angiogenic chemokines in SFs. Co-incubation of RASFs patients with pathophysiologically relevant numbers of MPs derived from U937 cell stimulated the expression of the ELRϩ CXC chemokines CXCL1, CXCL2, CXCL3, CXCL5 and CXCL6 in dose-dependent manner as analysed by real-time PCR (A). * indicates statistically significant differences compared to controls (P Ͻ 0.05). Comparable effects on the expression of ELRϩ chemokines were also observed with MPs isolated from the synovial fluid of inflamed joints of three different RA patients (B).
Supernatants from RASFs co-cultured with MPs do not affect proliferation or viability of endothelial cells
To investigate whether supernatants from RASFs co-incubated with MPs also alter proliferation or survival in addition to migration, the metabolic activity and the viability of ECs upon co-culture were assessed. Incubation of HMECs with supernatant from RASFs co-cultured with MPs did not alter the proliferation of HMECs
Incubation of HMECs with supernatants from RASFs coincubated with MPs also did not alter the number of apoptotic or necrotic cells as analysed by staining with annexin V and propidiumiodide (
Supernatants from fibroblasts co-incubated with MPs stimulate angiogenesis in vivo
Fig. 3 Supernatants from RASFs co-incubated with microparticles do not alter the metabolic activity or affect the viability of ECs. Incubation of ECs with increasing concentrations of supernatants from RASFs cocultured with MPs did not alter the metabolic activity as analysed with the MTT assay (A). The number of annexin V positive, apoptotic ECs (B) or the number of PI positive necrotic ECs (C) also did not change.
Discussion
Our study provides new insights into the mechanisms by which MPs activate RASFs and extend previous results demonstrating that MPs play important roles in the pathogenesis of RA. MPs upregulate the expression of pro-inflammatory cytokines and prostaglandin E2 by SFs
